ABSTRACT-Burn injury often leads to distant organ injury such as acute respiratory distress syndrome. We hypothesize that the pathophysiologic changes in distant organs result from orchestrated regulation of multiple genes in response to burn injury. Differential display was performed to identify genes regulated in distant organs in response to burn injury. Initial characterization of differentially amplified products demonstrated that HAX-1s mRNA was regulated in several distant organs after 18% total body surface area (TBSA) full-thickness flame burn injury in mice. Further characterization of HAX-1s mRNA revealed a novel transcript variant, which is rapidly and transiently induced in multiple tissues of mice within 6 h after burn injury. This novel HAX-1s transcript variant, called HAX-1xs, has an internal deletion of 252 nucleotides and single point mutation, resulting in reading frame intact. Western blot and immunohistochemical analyses of multiple tissues of mice using rabbit antibody raised against a 15-mer synthetic peptide clearly revealed the presence of HAX-1xs protein in the duodenum, and suggested that expression of HAX-1xs and/or HAX-1s was tissue-and cell type-specific. The expression of HAX-1xs and/or HAX-1s was distinctively regulated in Paneth cells of the duodenum and macrophages of the thymus after burn injury. These findings suggest that HAX-1xs has a different biological activity from HAX-1s and participates in a cascade of immediate-early cellular events in response to burn injury.
INTRODUCTION
In addition to skin damage, a large burn often causes distant organ failure, such as acute respiratory distress syndrome. The cellular and molecular mechanisms involved in the pathogenesis of distant organ failure after burn injury have not been well characterized. It has been hypothesized that immediate-early response genes such as transcription factors play an important role in the cascade of signaling events, which lead to the destruction of multiple distant organs after burn injury (1) . Our recent study demonstrated that c-Jun transcription factor is rapidly and transiently upregulated in the liver of mice, but not in the lung, after 18% total body surface area (TBSA) fullthickness burn injury (2) . As a screening technique, differential display has been used to identify genes regulated in response to certain experimental conditions (3) . In one of those studies, HAX-1s was identified as a differentially regulated gene after burn injury in mice.
Cross-linking of a membrane-bound antigen receptor induces activation of receptor-coupled tyrosine kinases, which in turn lead to phosphorylation of a wide variety of intracytoplasmic substrates (4) (5) (6) . Human HAX-1 was identified as a HS1-associated protein by the yeast two-hybrid system and HS1 is one of the substrates of receptor-coupled tyrosine kinases (7) (8) (9) . Human HAX-1, a 35-kD protein consisting of 279 amino acids, is localized on the mitochondria, endoplasmic reticulum, and nuclear envelope (7) . Its mRNA is ubiquitously expressed in most adult tissues. Sequence analysis of human HAX-1 did not show any biologically significant motifs except for the PEST sequence, which is known to be a common amino acid sequence for rapidly degrading proteins (10) . HS1 is a 75-kD hematopoietic lineage-specific protein (11) . The deduced structure of this protein suggests that HS1 might participate in the transcriptional regulation of other genes during antigen receptor-mediated signaling events, which in turn can lead to both clonal expansion and deletion of lymphocytes (12) . Studies involving HS1-deficient mice and the WEHI-231 B lymphoma cell line reveal that HS1 participates in a cascade of cellular events that result in apoptosis of B cells in response to cross-linking of the membrane-bound antigen receptor (13, 14) . Deletion mutant analysis suggests that the N terminus of HS1 interacts directly with the N terminus of human HAX-1. In addition, human HAX-1 had a weak sequence similarity with Nip3, a protein that binds to adenovirus E1B 19-kD protein and the anti-apoptotic Bcl-2 (15). Adenovirus E1B 19-kD protein protects cells from apoptosis resulting from a variety of stimulations (16) . Because of the Nip3Јs association with these anti-apoptotic proteins (E1B 19-kD and Bcl-2), it has been suggested that Nip3 participates in the promotion of cell survival. Recently, it has been demonstrated that human HAX-1 interacts with polycystic kidney disease protein 2 (PKD2) by a yeast two-hybrid screen and furthermore, the F-actin-binding protein, cortactin, associates with human HAX-1 (17) . These findings imply that PKD2 is involved in cell-matrix contacts in association with human HAX-1 and that they could participate in the pathogenesis of polycystic kidneys.
The characterization of HAX-1xs, which is a transcript variant of HAX-1s, and regulation of both of their expression in the thymus and small intestine of mice after burn injury will be discussed.
MATERIALS AND METHODS

Animal protocol
Female C57BLKS/J mice from Jackson Laboratories (stock no. 100433; Bar Harbor, ME) were maintained in an animal facility at the University of California (Davis) under the National Institutes of Health guidelines of for the treatment of experimental animals. Experimental protocols were approved by the Animal Use and Care Administrative Advisory Committee of the University of California (Davis). Mice were acclimated to the facility for at least 1 week, and were then shaved on the dorsum of their bodies. Under methoxyflurane anesthesia, a Teflon template measuring 2.1 × 4.0 cm was placed over the back of each mouse. Within the cut portion of the template, 0.5 mL of 70% ethanol was ignited and allowed to burn until exhausted. Buprenorphine (3 g) and 1 mL of normal saline were given as an intraperitoneal injection for pain control and resuscitation. The mice were subsequently allowed to recover in their cages. Groups of three C57BLKS/J mice were sacrificed for the initial mRNA analysis of HAX-1s and HAX-1xs expression by cervical dislocation at different time points (3 and 6 h, and 1, 3, 7, 14, and 29 days) after burn injury. Three control mice were shaved and anesthetized, but were not burned, and were sacrificed after recovery from anesthesia. Tissues were rapidly dissected and snap-frozen in liquid nitrogen. For further characterization by RT-PCR, immunohistochemistry, and Western blot analyses of HAX-1xs and HAX-1s expressions, additional animal experiments were performed using the same experimental protocol as above. Groups of three C57BLKS/J mice were sacrificed at different time points (3 h, and 1, 7, and 21 days), and each time point had its own control group of three mice.
RT-PCR analysis
Tissues frozen in liquid nitrogen were homogenized using a Tissue-Tearor homogenizer (Biospec Products, Bartlesville, OK), and total RNA was extracted using a RNeasy kit (Qiagen, Valencia, CA). The quantity of RNA isolated was determined using a spectrophotometer. Total RNA was electrophoresed on an agarose gel to determine purity and quality. CDNA synthesis was performed after DNase I enzyme treatment. Next, 0.89 g of RNA was incubated with 10 units of DNase I (Boehringer-Mannheim, Indianapolis, IN) and 1.1 L of 10× DNase buffer (Gibco-BRL, Gaithersburg, MD) at 37°C for 30 min, followed by 20 min at 70°C to inactivate the DNase I. Oligo-dT primers were added and incubated for 10 min at 70°C, and reverse transcription was then performed using Superscript II Reverse Transcriptase (Gibco-BRL). Samples were also taken through the procedure without the addition of reverse transcriptase to act as negative controls and ensure that DNase I treatment was adequate to remove any contaminating genomic DNA. Alternatively, the Sensicript® from Qiagen and 100 ng of total RNA were used for cDNA synthesis. Primers for HAX-1s amplification were designed using the cDNA sequence for mouse HAX-1s (GenBank accession no. AF023482): 5Ј-GGTTCT-CAGCCTCCAGAGGA-3Ј (HAX1A) and 5Ј-TCGGGACCGAAACCAACGTC-3Ј (HAX2A). The primers for ␤-actin (control) amplification were: 5Ј-CCAACTGG-GACGACATGGAG-3Ј and 5Ј-GTAGATGGGCACAGTGTGGG-3Ј. Taq polymerase was purchased from Qiagen and was used with the provided buffers for the reaction. A Perkin-Elmer (Foster City, CA) GeneAmp 9600 thermal cycler was used with the following programs for both HAX-1s and ␤-actin amplifications: 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 30 cycles. A "hot start" of 94°C for 3 min before and an extension time of 7 min at 72°C after the completed cycles were added. For further characterization of HAX-1xs, another 5Ј primer was designed so that only HAX-1xs can be amplified: 5Ј-GCTTTGATGATCTATTGGATGATA-CATGG-3Ј (HAX1E). The same amplification conditions were used as above except the annealing temperature, which was 59°C, and the number of cycles, which was 35-37 cycles). PCR product was electrophoresed on a 1.5% agarose gel in 1× TBE buffer, stained with ethidium bromide, destained in deionized water, and visualized under ultraviolet transillumination. RT-PCR amplification of ␤-actin from each sample served as a control to assess for comparability between samples.
Cloning and sequence analysis
The PCR products were gel purified using a Qiagen DNA gel extraction kit and were cloned into the pGEMTEasy vector (Promega, Madison, WI). Positive clones were miniprepped using a Qiagen miniDNA preparation kit for sequencing analysis. Sequencing of both strands for each clone was performed at Davis Sequencing (Davis, CA) using the PE Biosystems (Foster City, CA) ABI Prism 377 DNA sequencer and the Big Dye Terminator sequencing chemistry. All DNA sequences were initially analyzed by the Advanced BLAST program from the National Center for Biotechnology Information, and the Translate program from the Swiss Institute of Bioinformatics. Multiple sequence alignments of cDNAs and deduced polypeptide sequences were performed using ClustalW program within MacVector 6.5.1 (Oxford Molecular, Oxford, UK). The secondary structures of HAX-1s and HAX-1xs were analyzed by the nnPredict protein secondary structure prediction program from University of California (San Francisco, CA). The sequence data of mouse HAX-1xs is available from GenBank under the accession number AF465243.
Production of rabbit polyclonal antiserum specific for HAX-1s and HAX-1xs
A 14-mer peptide sequence (SPHSRAKEDKDLDS), which corresponds to predicted epitope residues 177-190 of mouse HAX-1s, was selected as a candidate for raising antibodies in two New Zealand White rabbits using the PCGENE program (IntelliGenetics, Mountain View, CA). Keyhole limpet hemocyanin was conjugated to the peptide for immunization, and preimmune serum and three postimmune sera were produced during the 77-day antibody production schedule from each rabbit. Initially, the quantity of peptide-specific antibody present in sera of bleed no. 1 from both rabbits was measured by ELISA. The titers of both sera were determined to be 1:300,000 and 1:25,000, respectively.
Western blot analysis
Protein preparations from duodenum and thymus extracts were loaded on precast 10% resolving/4% stacking Tris-HCl gels (Bio-Rad, Hercules, CA) and were transferred electrophoretically to PVDF membranes (Amersham Pharmacia Biotech, Piscataway, NJ). The membrane was blocked for 1 h at room temperature in 5% milk in TBS buffer containing 137 mM NaCl and 20 mM Tris (pH 7.6) and it was then rinsed in 1× TBS-Tween buffer for 30 min with four changes of fresh buffer. The blocked membrane was incubated overnight at 4°C in either bleed no. 3 anti-HAX sera or preimmune sera from the same rabbit at a concentration of 1:5000 in 1× TBS-Tween. After washing in 1× TBS-Tween, the membrane was incubated in horseradish peroxidase-conjugated donkey anti-rabbit secondary antibody at a concentration of 1:5000 in 1× TBS-Tween for 1 h at room temperature. After washing in 1× TBS-Tween, the horseradish peroxidase binding was visualized by chemiluminescence using ECL Plus Western Blotting Detection System and Hyperfilm ECL autoradiography film (Amersham Pharmacia Biotech).
Immunohistochemistry
Tissues were obtained from mice at sequential time points after an 18% burn injury. Paraformaldehyde-fixed tissues were embedded into paraffin and cut into 4-m sections using a microtome. Slides were stained with hematoxylin and eosin for histopathologic analysis. Immunohistochemical staining was performed using a Vectastain ABC Immunoperoxidase Kit (Vector Laboratories, Burlingame, CA). Tissue sections were deparaffinized in xylene and were rehydrated through graded alcohol to water. Endogenous peroxidase activity was quenched with 3% H 2 0 2 in methanol for 5 min. Slides were blocked with normal goat serum (1:100 dilution) for 30 min. Slides were then incubated with rabbit HAX antisera (bleed no. 3) at 1:1000 dilution for 60 min at room temperature. Antibody binding was localized by incubation with biotinylated secondary anti-rabbit IgG for 30 min followed by incubation with an avidin-conjugated horseradish peroxidase for 30 min. Staining was developed with the Vector NovaRED Substrate kit for peroxidase (Vector Laboratories). Slides were counterstained with hematoxylin and 0.5% ammonium hydroxide. Tissue sections were dehydrated through graded alcohols to xylene and were mounted with Permount.
RESULTS
Identification and regulation of a novel transcript variant of HAX-1s (HAX-1xs) after burn injury
RT-PCR analysis of HAX-1s mRNA expression revealed that one smaller DNA fragment was rapidly and transiently upregulated between 3 h and 1 day after burn injury in the thymus and small intestine (Fig. 1A) . Further characterization by cloning of the fragment and DNA sequence analysis, followed by the alignment of this cDNA fragment with HAX-1s, showed that the smaller fragment shares complete identity with HAX-1s except an internal deletion of 252 nucleotides and single point mutation downstream of the deletion (Fig. 1, B and C) . This novel variant transcript of HAX-1s was named as HAX-1xs ("xs" stands for extra small). The 252-nucleotide deletion between nucleotide residues 364 and 615 of HAX-1s resulted in an in frame truncation of 84 amino acids, leaving the downstream frame intact (Fig. 1C) . In addition, the single point mutation (A in HAX-1s to G in HAX-1xs) changed the amino acid residue 165 of HAX-1s from serine to glycine (Figs. 1C and 2B) . It is probable that HAX-1xs tran- script was a product of differential splicing of HAX-1s mRNA. Nucleotide sequences from human HAX-1, mouse HAX-1s, and mouse HAX-1xs were aligned and there were no obvious splicing donor and acceptor signals at the junctions of the internal deletion (Fig. 1C) . To examine whether there is a genomic form of HAX-1xs, PCR was performed using genomic DNAs isolated from liver and lungs of C57BLKS/J strain of mice with HAX1A and HAX 2A primers (data not shown). Only HAX-1s genomic DNA was amplified in this experiment, suggesting that HAX-1xs is a variant or an alternatively spliced transcript of HAX-1s, and is not a novel gene.
To confirm the existence of HAX-1xs transcript, another 5Ј primer (HAX1E), which spans the deletion junction of HAX-1xs, was designed to amplify only HAX-1xs cDNA, not HAX-1s (Fig. 1B) . RT-PCR analysis of HAX-1xs in the thymus and small intestine using HAX1E and HAX2A primers confirmed the initial data of the presence and upregulation of this truncated transcript in both tissues (Fig. 1A) . This study also demonstrated that the expression of HAX-1s was ubiquitous, which is consistent with the previous report (7) . In addition, the different expression pattern of mouse HAX-1xs in comparison with HAX-1s suggested that HAX-1xs has a different biological activity from HAX-1s.
Tissue-specific expression of HAX-1s and HAX-1xs proteins
To characterize the existence and regulation of HAX-1xs protein, Western blot analysis was performed using rabbit anti-
FIG. 2. Western blot analysis of the expression and sequence comparison of HAX-1s and HAX-1xs proteins. (A)
The expression of HAX-1s and HAX-1xs in the thymus and duodenum after burn injury was characterized by Western blot analysis using the rabbit HAX antisera and corresponding preimmune sera as negative controls. Tissue-specific expression of HAX-1s and HAX-1xs in the thymus and duodenum, respectively, was evident. The full-length HAX-1s was identified in the thymus, and a band slightly bigger than HAX-1xs was upregulated at day 1 in the thymus. HAX-1xs was the only form of HAX protein expressed in the duodenum. (B) Comparison of deduced amino acid sequences of human HAX-1, mouse HAX-1s, and mouse HAX-1xs. The same cDNA sequences analyzed in Figure 1 were translated into the predicted amino acid sequences and these amino acid sequences were aligned using ClustalW multiple sequence alignment program as described above. A bold gray line identifies the internal deletion of 84 amino acids. The immunogenic epitope, which was used for the antibody production, is underlined in bold. The complete predicted coding sequences of all three genes are represented in this alignment.
HAX sera raised against an immunogenic epitope of HAX-1s and HAX-1xs (Fig. 2) . Interestingly, HAX-1xs protein, which has an internal deletion of 84 amino acids, was the only form of HAX protein expressed in the duodenum (Fig. 2A) . The full-length HAX-1s is approximately 35 kD in size. The absence of the 35-kD HAX-1s expression in the duodenum might be explained by the faster degradation and/or inefficient translation of HAX-1s mRNA compared with HAX-1xs mRNA. In contrast to the predominant HAX-1xs expression in the duodenum, the full-length HAX-1s was identified in the thymus (Fig. 2A) . A band slightly bigger than HAX-1xs was upregulated at day 1 after injury in the thymus, when the HAX-1s was down-regulated. This protein might represent the post-translationally modified form of HAX-1xs or another isoform of HAX-1s. This band was not characterized further. As a control, Western blot analysis with preimmune control sera from same rabbit did not show the corresponding HAX-1s and HAX-1xs bands. Figure 2B depicts the location of the immunogenic epitope used for the antibody production, as well as the alignments of deduced amino acid sequences from human HAX-1, mouse HAX-1s, and mouse HAX-1xs. The protein secondary structure analysis of HAX-1s and HAX-1xs by nnPredict program showed no substantial differences between deduced proteins of HAX-1s and HAX-1xs (Fig. 3) . These findings suggest that HAX-1xs protein is expressed in mice and the expression of HAX-1s and HAX-1xs is tissue specific. However, the regulation of HAX-1xs protein in the small intestine in response to burn injury was not evident.
Immunohistochemical analysis of HAX-1s and HAX-1xs expression after burn injury
We investigated the expression of HAX-1s and HAX-1xs in the thymus and small intestine by immunohistochemistry using rabbit anti-HAX sera. It should be noted that this rabbit anti-HAX sera recognizes both HAX-1s and HAX-1xs because the immunogenic epitope is located on the C terminus half of both proteins (Fig. 2B) . Paneth cells from duodenum and large mononuclear cells interpreted to be macrophages from thymus had a transient upregulation of HAX-1s and/or HAX-1xs expression in response to burn injury (Fig. 4) . Based on the previously described data from RT-PCR and Western blot analyses of HAX-1xs expression in duodenum, it is likely that HAX-positive staining in Paneth cells may represent predominantly HAX-1xs.
The secretory granules on Paneth cells were distinctively stained with rabbit anti-HAX sera. Some Paneth cells from the "no burn" control mice had a basal level reactivity in the cytoplasmic granules compared with preimmune control sera (Fig.  4) . The number of HAX-positive Paneth cells peaked within 3 h after burn injury, and started returning to the basal level thereafter. Paneth cells are columnar epithelial cells that are located in the fundus of crypts in small intestine. It is a granular secretory cell that contains defensins, lysozyme, secretory phospholipase A2, and antimicrobial enzymes (18, 19) . Paneth cells secrete granules to the surface of luminal mucosa (20) . Constitutive expression of Fas ligand in Paneth cells of small intestine protects the surrounding cells by inducing apoptosis of Fas-positive immune cells during inflammatory stimuli (21) . Peak HAX-1 expression in secretory granules of Paneth cells within 3 h after injury implicated that the immediate-early upregulation of HAX-1 plays a key role in a cascade of downstream cellular events associated with the gastrointestinal response after burn injury.
Large mononuclear cells interpreted to be macrophages in thymus from control "no burn" mice had basal levels of HAX-1 staining (Fig. 4 ). There were increased numbers of HAX-positive macrophages at 3 h, which peaked at 1 day and returned to the basal within 7 days after burn injury. Since previous Western blot analysis demonstrated that HAX-1s (and presumably post-translationally modified HAX-1xs), and not HAX-1xs was expressed, the positive staining in the thymus may represent HAX-1s protein or modified HAX-1xs (Figs. 2  and 4) . The macrophages in the thymus play a key role in HAX-1xs (B) proteins. The deduced amino acid sequences of HAX-1s and HAX-1xs were analyzed for their predicted secondary structures using the nnPredict program. No substantial differences in the secondary structures were observed between HAX-1s and HAX-1xs predicted sequences. Deleted amino acids in the HAX-1xs are underlined (A) and arrows indicate the deletion junction in the HAX-1xs (B).
phagocytosis and presentation of antigens. Immediate-early upregulation of HAX-1 protein in macrophages of thymus suggests that these proteins may play a role in systemic immune modulation after burn injury. The absence of detectable regulation of HAX-1s and/or HAX-1xs protein expression during Western blot analysis in the duodenum and thymus might be explained by the very low level differential expression and/or limited expression only to minor cell type population.
Several other tissues (liver, lung, spleen, and pooled lymph nodes) were examined for the expression and regulation of HAX-1s and HAX-1xs after burn injury (data not shown). Rapid and transient induction of HAX-1xs transcript was noticed in lung, lymph nodes, and spleen, whereas no significant change in HAX-1s mRNA expression was observed in these tissues. However, immunohistochemical analysis of HAX-1s/HAX-1xs expression in these tissues did not reveal any substantial regulation of these proteins in response to burn injury.
DISCUSSION
After a major injury, mediators produced in the wound are involved in the local defense and regulation of the healing process. With larger wounds, local mediators affect distant organs in a systemic inflammatory response syndrome that may result in multiple organ disorder syndrome (22, 23) . Understanding the cascade of cellular events in distant organs after burn injury is important to identify key molecules that contribute to the failure of these organs. Immediate-early response genes (e.g., transcription factors) have been implicated for the pathogenesis of distant organ failure in response to the injury. Several immediate-early response genes have been identified to participate in early signaling events after injury, especially in brain injury model (24) .
In this study, we identified and characterized mouse HAX-1xs, which is a truncated form of HAX-1s, by RT-PCR and Western blot analysis. Immunohistochemistry data revealed that the expression of HAX-1xs and/or HAX-1s is regulated in the Paneth cells in the duodenum and macrophages of the thymus. The rapid and transient upregulation of mouse HAX-1xs mRNA in the duodenum and thymus compared with HAX-1s suggests that the role of HAX-1xs in signal transduction pathway responding to burn injury is quite different from HAX-1s. Further experiments to unveil the significance of the regulation of HAX-1s and HAX-1xs proteins in response to burn injury are needed.
Human HAX-1 is known to associate directly with HS1 protein (7) . It has been previously reported that a region around amino acid residue 114 of human HAX-1 was responsible for HS1 binding (7) . Presumably, HAX-1xs mRNA was generated post-transcriptionally from the HAX-1s message in response to cellular signaling events after injury. The internal deletion of 84 amino acids (between residues 86 and 169 of HAX-1s) in HAX-1xs resulted in a 31-amino acid deletion upstream of amino acid residue 114. These data suggest that HAX-1xs may have a weak binding to HS1 in comparison with HAX-1s. It has been reported that HS1 protein is involved in B cell receptor (BCR)-mediated apoptosis and tyrosine phosphorylation and nuclear translocation of HS1 are required for B cell apoptosis (25) . The presumably weak binding of HAX-1xs to HS1 may initiate an alternative signaling event compared with HAX-1s and HS1 pathway. HAX-1xs instead of HAX-1s binding to HS1 may not be sufficient for nuclear translocation of HS1 after BCR signaling, which may lead to insensitivity to BCR-mediated B cell apoptosis. A recent study demonstrated that PKD2 interacts with HAX-1, which is associated with the F-actin-associated protein, cortactin (17) . It has been determined that the carboxy-terminal of HAX-1 interacts with Factin-binding protein by the yeast two-hybrid system; the last 102 amino acids of HAX-1s were sufficient for the interaction with PKD2. Since the internal deletion in HAX-1xs is not located in the last 102 amino acids of HAX-1s, the predicted interaction between HAX-1xs and PKD2 may be conserved as with HAX-1s. However, it is not clear whether the interaction between HAX-1xs and F-actin-binding protein remains intact or not. The effect of the change of amino acid residue 165 of mouse HAX-1xs from serine to glycine on the interactions with HS1, PKD2, and cortactin is unknown.
The Paneth epithelial cell is derived from multipotent stem cells located in the crypts of small intestine of mice and it secretes several defensins (cryptdins), phospholipase A2, lysozyme, and growth factors into intestinal lumen (19, 20) . The rapid and transient upregulation of HAX expression on secretory granules of Paneth cells, as well as the transient upregulation of HAX-1xs mRNA and identification of HAX-1xs protein by Western blot analysis in the duodenum, suggest that HAX-1xs, and not the HAX-1s, is the protein that is regulated after burn injury in these cells. The results also imply that the Paneth cell plays an active role in the gastrointestinal response after burn injury by regulating HAX-1xs expression. The fact that not all Paneth cells had upregulated HAX expression after burn injury can be explained by the heterogeneity of this cell type depending on the location along the longitudinal axis of small intestine and age of these cells (26) .
Transient upregulation of HAX expression in macrophages of thymus implies that HAX-1s and/or HAX-1xs might be involved in a cascade of cellular events leading to the systemic immune response after burn injury. Specifically, in association with HS1 and/or other proteins, HAX-1s and HAX-1xs may induce or inhibit apoptosis of immune cells after burn injury. Our recent study demonstrated that 18% TBSA burn injury induces apoptosis in thymus, but not in spleen (27) . Because of its early and transient upregulation consistent with rapid induction of HAX-1xs mRNA in thymus, the HAX protein regulated in the macrophages of thymus might represent HAX-1xs, not HAX-1s, although Western blot analysis of HAX-1xs expression in the thymus was not able to demonstrate its presence. The absence of a detectable regulation of HAX-1xs protein expression in the thymus by Western blot might be explained by very low level differential expression and/or limited expression only to the macrophages in the thymus.
The further characterization of biological roles of HAX-1s and HAX-1xs in vitro and in vivo may help elucidate the molecular mechanisms of systemic response leading to distant organ failure after burn injury.
